CONTEXT AND OBJECTIVE: The pineal gland is an adaptive organ that precisely regulates the biological rhythms of melatonin brain hemostasis. Variation in the regulation of melatonin rhythms is a likely cause of depressive disorder. The purpose of this study was to measure serum melatonin levels in patients with major depressive disorder (MDD) and normal control subjects. DESIGN AND SETTING: Analytical cross-sectional study at the industrial medical unit of the Iron Smelting Company of Isfahan, Iran.
Biological studies over recent decades have been investigating abnormalities in biological rhythms, neurotransmitter levels, receptor variation and endocrine levels in particular regions of the brain. Through these, the development and maintenance of MDD are becoming better understood than before. One of the main points in the biological trends relates to circadian rhythm and disturbances in this cycle, which cause mood disorders and irregularity in this bioclock, thereby leading to depression. 2 The pineal gland provides precise regulation of the circadian rhythm of melatonin, which regulates brain homeostasis. Abnormal functioning of this gland gives rise to psychiatric disorders. 3 The pineal gland produces melatonin from L-tryptophan amino acid, which is secreted into the circulation and cerebrospinal fluid (CSF) circulation. 4 The synthesis rhythm and secretion of melatonin are produced 24 hours/day, endogenously available in the suprachiasmatic nuclei of the brain 5 and, in some manner, they play role as an internal zeitgeber. 6, 7 The melatonin of the gastrointestinal tract is produced from serotonin. In this regard, serotonin is activated by the enzymes serotonin N-acetyl transferase and hydroxyindole-1-methyl transferase. Serotonin is converted into melatonin by the second of these enzymes.
Lerner 8 was the first to study the physiological or behavioral effects of exogenous melatonin, on himself. He received 200 mg intravenously per day for five successive days, and subsequently he felt relaxed. 9 His actions led to better knowledge of some of the positive and negative aspects of melatonin. In 1975, it was found that nocturnal plasma melatonin levels are 10 times greater than daytime levels, 10 and that serum melatonin levels reach a peak between 11 pm and 3 am.
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Melatonin is responsible for regulation of sleep and awareness.
It is related to sleep phase delay syndrome, 12,13 protection against androgen oxidizing and prevention of aging. 14, 15 Excessive physiological levels of melatonin cause biological effects like daytime drowsiness, disorders of psychological and physical functioning 16 and body temperature reduction. 17 Melatonin secretion increases in the dark and it declines in daylight. Therefore, people show different reactions to light, which is under the influence of environmental and genetic factors. This dissonance can affect melatonin secretion. 4 An increase in melatonin secretion is accompanied by a fall in consciousness and function, increased theta wave activity in the brain and increased drowsiness and excessive fatigue overnight. 18 Reduction in melatonin secretion is accompanied by an increase in body temperature (hyperthermia), reduced propensity to sleep, reduced theta wave activity and reduced propensity to daily rapid eye movement sleep (REM sleep). 25 showed that an increase in serum melatonin rhythm level could produce MDD.
However, Dolberg et al. 26 demonstrated that "low melatonin syndrome" influenced the quality of sleep and cannot predict depression. A study on acute multiple sclerosis patients with concomitant MDD showed that the time of peak melatonin occurred 77 minutes later than in individuals without MDD.
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OBJECTIVES
Given the conflicting results and the fact that the positive and negative roles of melatonin in creating depression are unknown, the aim of this study was to compare morning and nocturnal serum melatonin rhythm levels in patients with MDD. The second aim was to measure morning and nocturnal serum melatonin levels in depressed and healthy men and women.
METHODS
Patients
This was an analytical cross-sectional study. A group of depressed patients and a group of healthy control subjects were selected by 
Beck depression inventory (BDI)
The BDI is a 21-item self-reporting scale that is designed to measure the signs of depression in the general population. It assesses the primary symptoms used to make a clinical diagnosis of depression. The revised draft of the scale, namely, BDI-II, presents greater concordance with the DSM than shown by the first draft and is based on cognitive theory. It covers all of the elements of depression. 28 In relation to the revised draft, Steer et al. 28 have
reported that the coefficient of internal stability ranges from 72%
to 92%, with a mean of 86%, and that the alpha coefficient for patients is 86% and for normal healthy controls is 81%.
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Quantitative determination of melatonin levels
The examinees were asked not to take any medicine for one week before the melatonin assay. Venous blood (5 ml) was taken from both groups at 8:00 am on a particular day. At the end of the same day, at midnight, blood samples were again taken from the sub- To extract the solid phase, the extraction columns were first placed in the glass tubes for the column conditioning. Then, 2 x 1 ml of undiluted methanol was added to the column; the solvent was passed through the column by means of centrifugation, and the eluate was discarded. Then, 2 × 1 ml of double distilled water was added to the columns, and the solvent was allowed to pass through the column by means of centrifugation, and the eluate was discarded. The extraction columns were then placed in the glass tubes for the sample application, and 0.5 ml of standards, controls and samples were added to the columns.
Then, 2 × 1 ml of 10% methanol in double distilled water (v/v) was added to the columns, and centrifuged and the eluate was discarded. The extraction columns were then placed in new glass tubes and 1 ml of undiluted methanol was added to the columns, and the columns were removed from the tubes. The solution collected from the tubes was then used for the next steps.
The methanol was then evaporated to dryness, using the evaporator centrifuge. The samples were reconstituted with 150 µl of double distilled water and 50 µl of each extracted standard, extracted control and extracted sample were added to the respective wells of the ELISA plate. Then, 50 µl of melatonin biotin was added to each well, and 50 µl of melatonin anti-serum was added to each well. Finally, the plate was covered with adhesive foil. The plate was shaken carefully, and incubated for 14-20 hours at 2-8 °C.
Following incubation, the plate was washed three times with 250 µl of diluted assay buffer, and 150 µl of freshly prepared enzyme conjugate was added to each well, and the plate was incubated for two hours at room temperature. After discarding the incubation solution, the plate was washed three times with 250 µl of diluted assay buffer. Then, 200 µl of para-nitrophenyl phosphate (PNPP) substrate solution were added to each well, and the plate was incubated for 20-40 minutes at room temperature. Finally, 50 µl of PNPP stop solution were added to each well, and the optical density (OD) was measured with a photometer at 405 nm (reference wavelength: 600-650 nm).
Statistical analyses
All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) 16.0 for Windows. Chi-square tests were performed on the categorical variables. T tests were carried out on the variables of age and depression. Univariate analysis was also carried out on the morning and nocturnal serum melatonin levels. A P-value of less than 0.05 was considered significant.
reSUltS
The depressed patient group comprised 28 women and 14 men, and the healthy subject group comprised 26 women and 24 men. The results from the univariate analysis of variance showed that the morning serum melatonin levels of the depressed and healthy subjects differed (F = 23.93; P < 0.001; df = 1). Table 2 shows that the mean morning serum melatonin levels were higher in the depressed patients than in the controls. The results also revealed that there was no significant difference between the genders regarding the morning serum melatonin levels, such that the morning serum melatonin levels of women and men did not differ ( Table 2 ).
The findings from the analysis of variance on the nocturnal serum melatonin levels demonstrated that there were significant differences between the groups regarding the nocturnal serum melatonin levels (F = 60.92; P ≤ 0.001; df = 1), such that the nocturnal serum melatonin levels in the depressed patients were lower than in the controls ( Table 2 ). The data also showed that there was a significant difference between the genders regarding the nocturnal serum melatonin levels, such that the nocturnal serum melatonin levels of the women differed from those of the men (F = 22.51; P ≤ 0.001; df = 1). This meant that the nocturnal serum melatonin level of the women were lower than those of the men ( Table 2) .
The results from analysis of variance on the morning and nocturnal serum melatonin levels revealed that there were no significant differences between the integrated effects of group versus gender for the morning and nocturnal serum melatonin levels (Figures 1 and 2 ).
DiScUSSiOn
The current study aimed to compare the morning and nocturnal serum melatonin rhythm levels in subjects with MDD. The findings from the study showed that the nocturnal serum melatonin levels were significantly lower in the depressed patients, than in the controls ( Table 2) . These findings disagree with the data of Sekula et al., who found that the nocturnal serum melatonin levels in depressed patients were higher and that these patients showed phase-shifted melatonin levels. The differences between these studies may be due to the use of antidepressants, 29 severity of depression, use of beta blockers or hormonal drugs, advanced age or factors relating to light and season.
It should be noted that serum melatonin secretion levels vary according to the season of sampling. For instance, they change in the spring and winter due to the atmospheric conditions. 30 Another important finding from the present study was that the morning serum melatonin levels were significantly higher in the patients with MDD than in the controls ( Table 2) .
These results are inconsistent with the results of Akpinar et al., who found that there was no difference in morning serum melatonin levels between the depressed and control subjects.
We do not yet know the reason for the high phase of morning melatonin. Nevertheless, it would appear that high levels of morning serum melatonin, associated with disorders in the temporal region of the brain, cause changes to rapid eye movement sleep within the nightly sleep rhythm of depressed patients. 31 Accordingly, the differences between studies may reflect individual differences, insufficient nightly sleep or nocturnal awakenings. Most subjects who have nocturnal awakenings suffer from depression and have poor functioning in the mornings. 32 They have also higher levels of morning serum melatonin than the nocturnal levels, and the circadian rhythms of cortisol, temperature and melatonin reach their maximum levels with a delay of one to three hours. 33 We also investigated the serum melatonin levels comparatively between the men and the women and found significant differences in serum melatonin levels between them. The nocturnal serum melatonin levels were also significantly lower in the women than in the men ( Table 2 ).
The reason why depressed women 34 have lower levels of serum melatonin than men do is that women are more vulnerable to bio-psycho-social factors. 
CONCLUSIONS
Our data showed that the nocturnal serum melatonin levels in the depressed patients were lower than in the controls. Furthermore, the peak melatonin phase in the depressed patients was reached with a delay, compared with the controls. These findings suggest that melatonin deficiency may be among the factors implicated in occurrences of depression in patients with MDD. Nevertheless, the conflicting results demand further studies in order to seek better therapies for depressed patients with regard to serum melatonin rhythm levels. Likewise, further studies are needed in order to measure the corticotrophin-releasing hormone levels and personal characteristics such as sleep chronotype. Finally, factors that are effective in relation to melatonin secretion levels and psychiatric disorders can increase our understanding of the biological basis of these disorders, so that better solutions for treating depression can be found.
